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1. Let 

One-Dimnsional Self-sind.lar b t i o n s  of a Conducting 
Gas i n  a Magnetic Field 

V. P. KOROBEIHIKOV 
Doklady, A10 USSR, vol. 121, NO* 4, 1958, pp. 613-615 
us consider one-dimnsional, nonstationary adiabatic motions 

of a perfect electrocondacting gas with cylindrical and plane waves, 
magnetic f i e ld  is directed perpendicularly t o  the par t ic le  motion traject- 
ories (along the axis of symmetry in the cylindrical case or along the tangent 
t o  concentric c i rc les  with a center on t h i s  axis). 
gas is considered t o  be in f in i t e j  we neglect the viscosity and heat conductian. 

The 

The conductivity of the 

Under the assumptions made , 
dY a € = -  
do 
d t  
- a -  

the motion equations are 

T€ dh = - 2 h k  + ( v  - 1) 
H* h - 8;; 3 A is the nmgnetio f i e l d  intensity; dv aV aY where = + v - etc., ar  

Y = 2 , l  5 n = 0 for  the cylindrical magnetic f i e l d ,  n - 1 for Q f i e ld  
directed along the axis of qmmtry ( v  = 2) j the rest of the notation is as 

customary. Since equations (1) do not contain any dimensional constants, 
the motion w i l l  be self-similar [l] if only two dimnsional constants with 

independent d h n s i o n a l i t i e s  enter into the i n i t i a l  and boundary conditions 
of the problem. 

of a f lu id  and gas i n  the absence of a magnetic f i e l d .  
Sedov notation and tierminolow. 

i t i e s  among the defining paramters, where 

L. I. Sedov El.. developed the theory of uasteady, self-similar motion 
Let ua use the L. I. 

Let there be two constants a and b with independent dimensional- 

bt us introduce the nondimnsional variables 
[a] = HLk? , = LTo6 . 

The nondimnsional functions V, R,$ ,g depend only on the one non- 
dimensional variable X because of self-similxrity. The par t i a l  different ia l  
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equation s y s t e m  (1) is eqaivalent t o  the following s y s t e m  of ordinary d i f f e r -  

e n t i a l  equations t 

x[(v - 6) a R' + V j  = s + (k - v + 3)V 

X[(V - 6) $ + rV'] = s + 2 + (k + 1 - vv)V 

If the constants , 6 are related t o  s, k, v, n by means of the 

re lat ions 

2 ( 4 ~  - k) = (2  - v +.bv)(6 + s + 2) 3 2 - q v  - 2(1 - v)n = O 

then the system (2) - ( 5 )  has the particular solution 
V = A J  $)=BA; p = C c X ;  & = D X  

where B and D are arbitrary positive constants3 
k(B + D) - 2(1 - n)D - C =  2 

2 - v + T W  ; A =  

The d h n s i o n a l  velocity fo r  t h i s  solution depends linearly on the 
coordinate r . &re general solutions of t h i s  type are analyzed i n  [2,3]. 

Using the conservation laws and the methods of dimsnsional analysis 

1) Adiabatic intiegral [1,5] 
[l,4], it can be sham t h a t  equations (3) - ( 5 )  have two algebraic integrals: 

2) Frozen integral  
24-6 (k+2n+3) - (k+S)p-( v-k-3) [2:2-~-6(k+2n+3)1 

(7) -F, = [R(V - s>] 2P x 2cr % 
x -% 

where % and X2 are arbi t rary constants3 p = s + 6(k + 3 - v) . 1 
Hence, the solution of a l l  t h e  self-similar problem reduces t o  the 

If' s + 2 - 6 ( v  .., 1 - k) = 0 , the following energy integral. existls 
integration of a system of two ord ina ry  equations. 

for  the system (2) - (5) 

The problem reduces t o  the solution of one equatim i n  this case. 
Shockwaves can mise in the gas motion. The conditions on the shocks, 
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which &r6 consequences of the conservation laws, can be written thus fo r  the 
self-similar motions under consideration: 

{R(V - S ) j  = 0 

(9) 

Here, it has been taken in to  account t ha t  there is the following dependence 

c = - for the shockwave velocity c , where r is the shockwave radius. 
The braces denote the difference i n  the values of the quantities on both s ides  
of the surface of discontinuity. 
boundary conditions t o  f i n d  the functions 

6r 2 
t 2 

For a flow with shockwaves, (9) are the 

V(X) ,  R(X),B(X),R(h) . 
2. The following self-similar problems can be mentioned, whose solution 

The problem of the motion of a conducting gas according t o  given 
It follows from the self-similarity require- 

reduces t o  the integration of the system (2) - ( 5 ) .  

in i t ia l  data (Cauchy problem). 
mjnt t h a t  the i n i t i a l  distributions (for 

1) 

t J 0) w i l l  have the form: 
1 1 S -(k+34 $) 

= a a b  r F l -75 
3 Qo 2 v0 = alb r 

where ai (i = 1,. . . ,4) are assigned dizmnsional constants. The initial data 
can undergo a discontinuity a t  r = 0 i n  the plane case. 

The simplest example of t h i s  problem is the problem of the d i s in tbg r -  
ation of an arbi t rary discontinuity when the following constants are given for 
t o o :  

h = hl for r < 0 
h = h  fo r  r > O  

the veloci t ies  vl and v2 are directed oppositely, t h e i r  differences are 

large in absolute vdue .  
have a constant intensity, are propagated on both sides 88 a re su l t  of the 
disintegration of the arbi t rary discontinuity. 

v - 1 ;  P E P 1 3  P " Q 1 J  
v - 2 ;  P ' P Z 4  Q " Q 2  J 2 

Shockwaves, which move with a constant velocity and 

Using the conditions (91,  a l l  the characterist ics of the mation which 
A motion of su& a kind can occur, fo r  example, in ar ises  can be calculated. 

the col l is ion of cosmic gaseous masses. A detailed s o l d i o n  of t h i s  problem 
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f o r  h = 0 has been given i n  173. 
2) The problem of the motion of a plane or  cylindrical  (conducting) 

and hl are con- P1’ p 1  piston i n  a gas. 

stants  and the piston starts t o  move with the constant velocity U . 
problem is self-similar. 

A shockwave with 

the constant velocity c is propagated o w r  the gas in front of the piston. 
I n  the region of the motion beyond the shockweme front,  

p - p2 , h = h 

on the piston velocity U and 3, pl, hl 
is the dependence of on - for r= 1.4 and 

A t  the i n i t i a l  instant, vl = 0 , 
The 

bt us consider the solution f o r  the plane piston. 

v = v = U ; p = pp , 2 
are constants. 2 

Using the conditions on the shockwave (9), tho dependence of c j  p, Q, h 
Shown on figure 1 
- 0  and A = l ,  h 

P 1  
can be fozL 

r )  T P l  2hl *l a*l P 1  
L -I I where a,l = - + - . e l  Q1 

3)  The problem of a strong exploeion (e lec t r ic  discharge). A t  timb 

t = 0 , there occurs i n  the gas at r e s t  an 
instantaneous l iberat ion of the f i n i t e  
energy Eo along a line, Le . ,  an explosion 

is calculated per unit  length. 
Thia explosion can be considered as a h u h  
intensity e lec t r ica l  discharge i n  a gas, 

originating along a l ine .  
density and the nmrgnetic f i e l d  intensity 

EO OCCUTS j 

The i n i t i a l  
Figure 1 

are variables 

@ ( 3  --Q) -2 01 = A l r  3 % = Bf 
The influence of the i n i t i a l  pressure p1 can be neglected for a 

strong explosion [l]. 

cylindrical  f ie ld  . 
The energy integral  (8) exists  i n  t h i s  problem, i.e., 

reduces t o  the integration of one ordinary first order d i f fe ren t ia l  equation. 
By analogy w i t h  [l], formulations of self-aimllar problem of deton- 

ation and combusfion in a gas in the presence of a mgnetic f i e l d  are a180 

possible. v = 2 , formulations can be given of self-similar problem 
with magnetic l ines  of force having the shape of screw l ines .  

Let us note tha t  the memtioned value hl for any con- 
for a stant p1 sa t i s f i e s  the equilibrium equation ~ ( p  a + h) .* - 2h = 0 r 

i t a  solution 

For 

V. A. Steklov Math. Inst .  AN USSR March 28, 1958 
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